Abstract: Axillary shoots were induced from shoot tip of Calamus thwaitesii suckers on Murashige and Skoog medium supplemented with 0.4 mg/L N6-benzylaminopurine and 0.1 mg/L each of thidiazuron and α-naphthaleneacetic acid (NAA). The shoots initiated were subcultured to fresh media of the same composition for shoot multiplication and multiplied shoots were transferred to half strength MS hormone-free media for shoot elongation. The elongated shoots (∼5cm) were then re-cultured to the media supplemented with 3.0 mg/L indole-3-butyric acid/4.0 mg/L NAA to raise plantlets which were subsequently analysed for genetic fidelity using inter simple sequence repeat markers. Out of 183 bands scored, 178 bands were monomorphic indicating 97.2% similarity. The observed low level of polymorphism between genotypes supports genetic consistency of these micro-clones that are likely to be genetically true to their parental origin. The clones thus obtained were hardened in the specially fabricated mist house at 29 ± 2 • C and 80±5% relative humidity for 3 months followed by shifting to green house for another 3 months of nursery establishment. The established plants when reintroduced to the selected forest segments of the Western Ghats, Kerala (India) showed 79.3% survival rate after 2 years of field transfer. The viable and highly reproducible in vitro cloning protocol demonstrated here for the first time can be used for the production of elite female clones for aforestation activities and sustained delivery of high quality raw materials to cane processing units for strengthening cane industry.
Introduction
Rattans are a unique and versatile economic group of prickly climbing palms with characteristic scaly fruits and solid stem classified under the Lepidocaryoid major group of the palm family (Moore 1973) . They include about 14 genera and 600 species distributed in the forests of Indo-Malayan and African regions (Uhl & Dransfield 1987) . In India, they are represented by 5 genera (Thomas et al. 1999 ) with a total of 51 species mostly distributed in the tropical evergreen, semi-evergreen and moist deciduous forests of the Eastern Himalayas, Western Ghats, and Andaman and Nicobar group of islands (Dransfield 1981 ). They are variously described as the most important nontimber forest product, monocotyledonous wood, nonconventional wood, poor man's wood, fashion proof forest product and environment friendly renewable resource. They remain a part of the culture and village life of the provinces where they occur. They carry remarkable socio-economic importance due to their unique characteristics such as strength, durability, elasticity, lightness, lustrous brown colour and bending ability which confers them the title of 'green gold' (Mohan Ram & Tandon 1997) . However, despite their unlimited aesthetic and utility value, these "poor cousins" of bamboos have largely remained under-developed, much-maligned, little appreciated and totally ignored resource of any tropical forestry development. The rattan palm used in the present investigation is sympodial as they produce offsets or suckers that can be separated and used for vegetative propagation and multiplication. Nevertheless, in practice, the rate of multiplication and consequently bulking of propagules using such methods is remarkably slow. The availability of the suckers in sympodial types naturally provides an ample source of explants (shoot tips, adjacent condensed nodes) that could be gainfully used for mass cloning of the palms through tissue culture.
In the light of the unanimous observations of many researchers and forestry managers in this field, we have developed an in vitro cloning protocol of an economically important species viz. Calamus thwaitesii considered to be one of the best quality robust, clustering and high climbing dioecious cane used in furniture industry (Renuka 1992 ) available along the Western Ghats. The reliable micro-cloning protocol developed for the first time can be used for large scale production of faithful copies of elite female clones. The genetic stability analysis of these clones has been carried out by molecular profiling using inter simple sequence repeat (ISSR) markers for the supply of true-to-type planting materials as part of re-vegetation programme. This would facilitate sustained delivery of quality raw materials to cane industry in India and elsewhere.
Material and methods
In vitro cloning (i) Collection of suckers and surface sterilization. Three to six years old defoliated suckers of Calamus thwaitesii, having maximum number of roots along with a ball of earth were collected from the forest segments of the Western Ghats (Arippa, Thiruvananthapuram Forest Range under Kerala State Forest Department). They were packed in gunny bags without exposure to direct sun, brought to JNTBGRI (Jawaharlal Nehru Tropical Botanic Garden and Research Institute) campus and planted in pure river sand medium in 30 cm diameter pots, reared in the mist house for 2-4 weeks with frequent irrigation. These suckers served as source of explants for in vitro cloning.
Individual shoots were separated from the cluster of suckers and were then washed in running tap water for 30 min. Subsequently all the leaf sheaths except the inner most three sheaths covering the shoot tip meristem were removed and surface decontaminated by agitating in a mixture of NaClO and Teepol (v/v) (5% + 0.5%) for 20 min followed by washing in running tap water for 30-45 min and finally in distilled water. The subsequent procedures were carried out inside the laminar air flow hood, where the suckers washed once in sterile distilled water before removing the remaining protective sheaths. The explant was trimmed followed by exposing the portion of rhizome (1.5 cm) with shoot tip meristem (0.5-0.7 cm) and transferred to 0.1% (w/v) streptomycin sulphate solution for 45 min and rinsed 5 times in sterile distilled water before sterilizing in 0.1% HgCl2 for 4 min or 5% NaClO for 7 min. After rinsing 5 times in sterile distilled water, the browned basal rhizomatous portion was carefully removed and the remaining portion with intact shoot tip having dormant axillary buds was kept in sterile distilled water for half an hour to remove exudates before being transferred to the appropriate nutrient medium.
(ii) Culture initiation. For culture initiation, the suckers with exposed shoot tips (∼0.5-0.7 cm) and rhizome part (∼1.5 cm) were inoculated to full strength Murashige and Skoog (MS) medium (Murashige & Skoog 1962) augmented with required concentrations and combinations of plant growth regulators viz. 0.2-0.4 mg/L N6-benzylaminopurine (BAP), 0.05-2.0 mg/L thidiazuron (TDZ) and 0.1 mg/L α-naphthaleneacetic acid (NAA); and the pH was adjusted to 5.8 with 1 M NaOH or HCl. The gelling of the medium was done by boiling with 0.5% (w/v) agar. Then 60 mL aliquots of media were dispensed into 250 mL Erlenmeyer flasks/bottles and closed tightly with non-absorbent cotton plugs or polypropylene caps as the case may be. Then media was sterilized by autoclaving at 121
• C and 1.1 kg/cm 2 pressure for 20 min. Subculturing was made every 6 weeks. In certain cases 2-3 transfers each of 2 weeks duration had to be followed to minimize exudation and oxidative damage.
Cultures were incubated at 24 ± 2 Shoot cultures of 2-3 cm length obtained after subculture passages were isolated either individually or as groups (3-5 shoots) and transferred to full and half strength MS medium free of hormones for further elongation/growth. The individual shoots/shoot clumps (3-5 shoots) of 1.5-7.0 cm length were dissected out carefully and subcultured in full and half strength MS solid or liquid media augmented with auxins IBA and NAA (0-5 mg/L) for root initiation.
(iv) Hardening and nursery establishment. For hardening and establishment, the plantlets (5-10 cm length) obtained after 12-16 months were weaned away from the bottles, washed thoroughly in running tap water to remove traces of media adhering to the plantlets and treated with 0.1% Dithane M-45 for 5 min to avoid fungal contamination. They were then transferred to 10 cm diameter earthern pots and also in polybags filled with pure river sand and maintained in the mist house under constant irrigation at 28 ± 2 • C and 80 ± 5% relative humidity. The data on establishment of the clones were recorded at regular intervals. Three-month-old hardened and mist house established clones transferred to the nursery were maintained under diffused light with regular watering for another three months. After 6-9 months, nursery established plants were planted in selected forest segments and their field performance was assessed.
Experimental design, data collection and statistical analysis Each in vitro culture experiment consisted of fifteen replicates with one explants per culture vessel. All experiments were repeated three times. Data on percentage response, multiple shoot induction, shoot multiplication, approximate number of shoots obtained after two subculture passages, percentage of rooting response and mean number of roots were recorded after 12-16 weeks of each experiment. In addition, data on field establishment of reintroduced plants were recorded after 6, 12 and 24 months, respectively. Data was statistically analysed by ANOVA and the means were compared by LSD multiple range test (p≤0.05) using the computer software SPSS (PC + version 10; SPSS Inc., Chicago, USA 1999).
Reintroduction -field performance study
Clones were transferred to evergreen/semi-ever green forest segments of ∼50 m 2 area at Palode (JNTBGRI campus, Thiruvananthapuram Forest range, Kerala), Podium tribal settlement (Peppara wild life sanctuary, Thiruvananthapuram Forest range, Kerala) and Aryankavu (Thenmala Forest range, Kollam District, Kerala) in the Southern Western Ghats region for field performance study. The clones were planted near the forest trees to provide shade and support during their growth and establishment. The under growths were first thinned out and pits of 30 cm 3 were made at 5 m spacing in the forest floor, the pits were filled with forest soil and leaf mold mixture (1:1). The plants were carefully removed from the pots/polybags and transplanted into the pits retaining the soil around the roots. Planting was done during south-west monsoon rains. Thick canopy of trees provided shade during their early establishment. Since this area is frequently visited by wild animals, the field establishment rate of reintroduced plants was monitored periodically by site visits and data on survival rate of the plants were recorded at regular intervals.
Genetic fidelity analysis using ISSR markers (i) Genomic DNA isolation and ISSR. Total 15 samples, of which one sample collected from mother plant and fourteen of them from micro-clone cultures, were used for genetic fidelity analysis. Total genomic DNA from the in vitro leaves was isolated using cetyltrimethylammonium bromide method (Murray & Thompson 1980) . After ethanol precipitation, DNA was re-suspended in 100 µL of 1XTE buffer (pH 8.0). The DNA was quantified spectrophotometrically by measuring the absorbance at 260 nm. ISSR assay was carried out in 25 µL reaction mixture containing 0.2 mM dNTP's, 10 mM Tris-HCL,1.5 mM MgCl2, 50 mM KCl, 0.1% Triton X-100, 1.0 U Taq DNA polymerase (Finzymes, Helsinki, Finland), 15 pmol primers (IDT, Coralville, USA) and 50 ng of genomic DNA. The amplification was performed in a thermal cycler (Eppendorf ESP-S). After the initial cycle of 2 min at 93 • C were performed. The last cycle was performed by 10 min extension at 72
• C. Reaction mixture wherein template DNA replaced by distilled water was used as negative control. Amplified products where resolved in 1.40% agarose gel (1xTBE) followed by ethidium bromide staining.
(ii) Genetic data analysis. Amplification with each arbitrary primer was repeated 3 times and those primers that produced reproducible and consistent bands were selected for data generation. Reproducible ISSR products were scored against the presence or absence of a fragment. Dice coefficient of similarity defined as 2a/2a + u, where 'a' is the number of positive matches and 'u' the number of non-matches was computed using the WINDIST software (Yap & Nelson 1996) .
Results and discussion
In vitro cloning Surface decontamination of suckers. Unlike other palms, the rattans are extremely thorny making it difficult to extract the shoot tips from the offshoot of actively growing underground plant part which were used as the choice of explant for the standardization of in vitro propagation protocol of C. thwaitesii. Underground plant parts often harbour different microbes entailing thorough surface decontamination using rigorous multistep disinfection treatment with bleaching agent (5% NaClO and 0.5% Teepol) for 20 min and fairly long treatment (45 min) of the downsized explant with 0.1% streptomycin sulphate followed by treatment with 0.1% HgCl 2 for 4 min together offered 80% contaminationfree explant of this species and is comparable with the published report in taro (Tim et al. 1990 ). However, the treatment of HgCl 2 is toxic; therefore the use of NaClO has the added advantage of low toxicity with similar effect of HgCl 2 .
Effect of PGRs on shoot culture initiation. The infection-free shoot tip explant together with the basal rhizomatous part cultured in MS basal medium invariably responded with the elongation of the existing shoot tip to varied length. However, exogenous supply of cytokinins was sufficient to reverse the longitudinal growth of the apical bud and induce axillary bud proliferation. The inability of conventional cytokinins (BAP, 2-iP) alone or in combination with auxin to induce multiple shoot formation at reasonable levels made it compulsory to try TDZ individually and in combinations. TDZ was very effective to induce multiple shoot formation though concentration required for optimum bud release and frequencies varied. In this species relatively high concentration (1.0 mg/L) of TDZ was required to initiate 2.25±0.23 shoots in 84.45% of the explants in 16 weeks (Table 1) . However, in presence of TDZ apical dominance was completely arrested, the shoots initiated did not elongate beyond 1.5 cm. Additional shoot bud initiation was axillary as it occurred from the base of the shoot tip particularly in the rhizomatous portion. The inverse relationship between apical bud growth and axillary bud release as observed in this species and stunted growth of even the newly formed axillary shoots could only be related to the known inhibitory influence of TDZ on the longitudinal growth of existing and newly formed shoots (Huetteman & Preece 1993) . TDZ is capable of fulfilling the cytokinin and auxin requirements of various regeneration responses (Jones et al. 2007 ). It can induce new meristem formation, promote shoot development from pre-existing meristems and induce adventitious bud regeneration in a number of species including recalcitrant woody plants (Murthy et al. 1998; Bunn et al. 2005 ). The results presented in this study are consistent with these observations, as TDZ has played an important role in inducing multiple shoot formation from shoot tips of suckers with greater efficiency than other cytokinins.
The indispensability of TDZ for shoot initiation was again confirmed when combinations of cytokinins on shoot initiation were tested. Only combinations involving TDZ proved good for shoot bud initiation from shoot tips. Among the various concentrations and combinations of PGRs tested in this species, maximum 2.75±0.23 shoots were initiated at 86.67% rate after 16 weeks of culture in presence of 0.4 mg/L BAP and Fig. 1a ). The beneficial effect of NAA for obtaining elongated shoots even in presence of the cytokinins was evident.
In certain species, combinations of cytokinins and auxins act synergistically to obtain normal lengthy shoots during culture initiation/multiplication. Such observations were noticed in Citrus grandis (Paudyal & Haq 2000) and Yucca alofolia (Atta-Alla & Van Standon 1997). Shoots induced by higher concentrations of TDZ (2.0 mg/L) were always distorted or fasciated as observed in the culture. Other cytokinins were weak to initiate buds in shoot tip cultures of this species. TDZ has been used with great success in Rhododendron (Preece & Imel 1991) and Rubus (Cousinean & Donnelly 1991), wherein the shoots initiated remained stunted. Previous workers have not met with great success in getting in vitro mass multiplication of shoots in Calamus species (Yusoff et al. 1985) . This is also true with other studies including those by Dekkers & Rao (1989) and Padmanabhan & Illangovan (1993) working on different species of rattans. Recently, Hemanthakumar et al. (2013) published somaplant regeneration from immature embryos of C. thwaitesii and the same group demonstrated here the possibility to clone rattan palm from the shoot tips of suckers using TDZ as the principal cytokinin. Shoot multiplication, shoot elongation and rooting. In vitro-derived shoot buds isolated from suckers were subcultured for multiplication in presence of selected hormonal concentrations and combinations. Supplementation of 1.0 mg/L TDZ in the medium contributed to an increase in the rate of shoot multiplication and helped to obtain 2.67 ± 0.16 shoots at a length of 1.20 ± 0.19 cm in more than 90% shoot buds during the second subculture passage. The repeated subculture passages in TDZ medium greatly helped to achieve increase in multiplication rate but decreased the shoot elongation and also induced the formation of fasciated shoots. Such shoots did not root even after prolonged period of subculture in hormone-free medium. Similar observation was noticed in peach palm (Graner et al. 2013) . Hence combinations of hormones including TDZ were better desired than the individual concentration of TDZ for shoot multiplication. A maximum of 5.11±0.30 shoots (Fig. 1b) obtained from a single shoot initial at 93% efficiency with an average of 29.84 shoots harvested after two subculture passages of eight weeks duration in media supplemented with 0.4 mg/L BAP and 0.1 mg/L each of TDZ and NAA (Table 1) .
Shoot buds multiplied through subculture were transferred to full/half strength MS medium with/ without hormones for shoot elongation. Although half strength culture medium devoid of hormones favoured maximum 5.32 ± 0.51 cm long shoots with additional 1.33 ± 0.10 shoots after second subculture passage (Fig. 1c) . The inhibitory effect of high salts present in full strength MS medium on shoot elongation and subsequent choice of half strength nutrient medium for shoot elongation was also reported in Calophyllum apetalum (Nair & Seeni 2003) . At least two transfers (each of 6 week duration) of the shoots to fresh medium were required for optimal shoot elongation. Due to the spillover effect from the multiplication stage, marginal number of shoot buds were also induced during the elongation phase as recorded in Vitis rotundifolia, Rhododendron (Huetteman & Preece 1993) , Trichopus zeylanicus (Krishnan et al. 1995) and Bactris gasipaes (Almeida et al. 2012) .
Supplementation of the medium with auxins was essential for rooting of the shoots. However, despite the presence of auxins, shoots that were multiplied in higher concentration of TDZ (2.0 mg/L) never rooted presumably due to the antirhizogenic influence of this synthetic cytokinin. Therefore percentage of rooting was significant if the shoots were treated with higher concentrations of auxins and maximum of 91.11-95.55% rooting with 1.78 ± 0.17 roots was obtained after 12 weeks in (Fig. 1d) , where root length varied from 6.90 ± 0.51 cm to 8.46 ± 0.45 cm ( Table 2 ). The remarkable similarity of 1-2 root formation in this species indicates that it may be a predetermined character in presence of an inducer auxin like NAA, which was more desirable than other auxins for efficient root induction in Calamus simplicifolius (Zhang Fangqiu 1993) and Calamus egregious (Zeng Bingshan 1997) .
Reintroduction
The rooted plants (Fig. 1e) weaned away from the flasks were established in polybags at 85% rate in specially fabricated mist house after 3 months. The established plants in the mist chamber were transplanted into polybags or 4" pots filled with potting mixture of river sand, top soil and farm yard manure in the ratio 3:1:1 and maintained in 50% shade net house under regular irrigation for another three months of nursery establishment (Fig. 1f) . Such well acclimatized plants were transferred to natural forest segments during south-west monsoon season for reintroduction and field performance studies. The reintroduced plants got established at 71.43-79.31% rate after two years ( Fig. 1g ) and were freed of morphological and growth abnormalities (Table 3) . The consistently high establishment of the plants recorded in different experimental sites implicates the possibility of replicating the procedure in any tropical region where rattan forms a natural resource.
Genetic stability analysis using ISSR markers
The detection of the genetic consistency of in vitro derived clones is a footstep in the application of molecular biology for in vitro cloning of true-to-type plants ( Eshraghi et al. 2005) . Phenotypic and genetic variations are reported to occur during in vitro regeneration processes, resulting in somaclonal variants (Kaeppler et al. 2000) . The risks of genetic changes induced by tissue culture and the importance of assessing the genetic stability of the biological material along all phases must be considered in the context of conservation and sustainable utilization of true-to-type elite female clones. In the present investigation, in vitro cloning protocol was standardized to establish scale-up production of elite planting materials and ISSR marker technique was adopted to assess the genetic stability of these microplants. Fingerprinting profiles of the in vitro raised and the donor plant were generated using a total of 15 prescreened ISSR primers with distinct, reproducibly amplified products. Among the 15 primers, 13 of them produced monomorphic patterns, while the rest 2 primers showed faint bands, which were polymorphic in nature compared to the donor plant. A representation of monomorphic gel obtained using primer ISSR-827 is shown in Figure 1h . Of the total 183 bands scored, 178 bands produced were monomorphic (97.2%) and five bands were polymorphic (2.73%). A total number of 2,745 bands [numbers of total plantlets analysed (15), number of bands obtained from ISSR primers (183 bands)] were generated in all the plantlets analysed. The ISSR data were used to calculate genetic similarity among the 15 individuals (14 micropropagated plants and one donor plant) in a pair-wise manner. The similarity coefficient among the plants ranged from 0.985 to 0.997 with a mean of 0.994. On the similar note, low genetic variation of 3.92% among the 21 in vitro grown plants of Dictyospermum ovalifolium was reported (Chandrika et al. 2008) . About 97% homology between the mother plants and micropropagated plants has been reported in an endemic and endangered plant, Syzygium travancorium (Anand 2003) . The present investigation confirms the fact that sucker derived axial shoot multiplication is the safest mode of in vitro multiplication to produce true-to-type plantlets in rattan palm, which is in agreement with earlier reports (Carvalho et al. 2004; Joshi & Dhawan 2007) . Furthermore, it is concluded that ISSR analysis can be used to check the genetic consistencies in the in vitro and mother plants of this species. The observation of low level polymorphism between genotypes supports the view that the plantlets regenerated from sucker derived shoot tip culture are likely to be genetically true to their mother plant.
Conclusion
The viable and highly reproducible direct organogenesis protocol developed from wild suckers derived shoot tip culture demonstrated here can be used for the consistent production of elite female clones for aforestation activities and sustained delivery of high quality raw materials to cane processing units for strengthening cane based cottage industry. ISSR analysis of 15 samples (14 in vitro clones and its mother plant) showing 97.2% similarity indicates that direct organogenesis is more desirable for cloning purposes as it is free of possible somaclonal variations and also maintains cytological stability of the regenerated plants. The results also suggest that rattan palms, especially Calamus thwaitesii is not easily amenable to in vitro manipulation. Thus the present investigation constitutes the platform for other researchers to improve the protocol with innovation to meet the challenges faced by the cane industry as it is the livelihood for millions of poor in the developing countries that are otherwise rich in natural resources.
